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Biosensors including resonant optical cavities. The 
resonant optical cavities are shaped so as to 
generate wNspering gallery modes, which increase 
the quality factors of the cavities ard facilitate the 
detection of analytes in a sample with enhanced 
sensitivity. The sizes of the resonant optical cavities 
facilitate their use in biosensors that include arrays of 
sensing zones. Accordingly, the resonant optical 
cavities may be used in high-density sensing arrays 
that can be read in real-time and in parallel. Thus, the 
resonant optical cavities are useful for detecting 
small concertrations of samples in real-time and with 
high throughput. Different embodiments of the 
biosensors are also disclosed, as are methods for 
using the biosensors. 
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(2) 4^*2003-5 1 6737 

t!S^iS 1 ] ^R&s?;^'* + '7 -r (resonant optical 
cavity) ^^^f.i^^'(:*±y-^^ 

mt-mi] mfmmi^±^-\^>^T^ ami OMm-mi o o^*m<^iS:g 

t!S^JS8] eir?a*RS?^i)fc4 Ykr-f ^<i*t]lmm-*?3l 0 mm6r)eg4•3S■ 
T* a&^iS 3 ie^<?> j^- -t > o 

Im^iMl 0] BirieftPijt^t^ \'H"f-.^«S^<7>ffi#^;^^R|^^3fc^^^::■ 



(3) 1^*2 0 0 3-515737 



(4) 1^*2 0 0 3-515737 

4'it';-*J-^* ^S'^'i' (p li 0 t 0 - r e c y c 1 i n g) Tiiflt'MUIixTfilo'fe 

tM*iS2 7] iri£*i!£i'ieiii-*B?iaxfij4s #7;^. ^^^axcf^m 
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(p) 4^*2003-5 1 6737 

to 0 0 1] 

mm 

t-tv^uMt, Yffiit^.'i-^^-by'fiz 

S'S:?li'lbT«>^ f 7.A>J . .^'^ K (w li i s p e r i n g g a 1 

1 e r 1 y mode) (^.y^mt-iKM-ti-^mik^-^'if^ t^^^iiifz. ^^^'-4 

t 0 0 0 2] 
[0 0 0 3] 

^^.^ >■ ^'^b&lL?^:J^.'^^^•v^;^' ^^-^t (s e gme n t e d e 

vansceiit waveguide biosensor) <?>ii!ffl t 

".'i^^^yy (b i 0 c li i p) " ^mm-^^&^K iii6iJi$:&jU. 
^:'.KisU^±-it'^Tiim^^iii->m-m!}\i±-^ii^zmm Cm i c r o f a t r i 
cated substrates) ^m^^c 
to 0 0 4] 

O^&^i^WI^^ (molecular diagnostic assay) ( 



(7) 1±*2 0 0 3-516737 

nescent wave) ^*iJffl1--^< . ^ < ^)7fc#^^i^li«fl^ril&^ *J-T'/'^-> 
t 0 0 0 5 ] 

Si 1 z e 1^) tfz\i1kit. ( 1 9 9 5^^. St i mp s o : 1 9 9 8*. 
Wa d k i n s« : 1 9 9 9^p, P 1 o wma n*) .t^a^«<?>'^'f *i.3j>*ffl'^' 

Tlfifeg iXfiifo Cl(lh(rM^\t.%i±n^ti:,K. -f A T -y -i: (199S* 
. S i 1 z e 1 * : 1 9 9 8 *. Wa d k i n : 1 9 9 9 *. P 1 o wma 

n^) is J:CFjtg^&jX^' V ( 1 9 9 5 *. S t i mp s 0 n#) tfr 

T m'^^ ^5 T^S C i fl^^ b ii'-k^ ^iitzo 
to 0 0 6] 

(hybridize) L^:M^i?;^)itJ|E^ r.:fi;llfr^<^«*^fcST* C i U i 

^Jtii. ^iSJ^«J^.'f:?>-y -t^- h#(evanescent field) I^U 
to 0 0 7] 

(19S7*. Liedber g*) Sfflr'?X*>-^R| (SPR) 5 HilS-sT 
i/>*o SST'^X-t >• (surface p 1 a s m o n) t*<^— 
<0SI-ft:5!)5|k<0|fm^l^l'^-t^> ^ 2 o<7>iE-ft:H<7?|?atff^E tf#-& (19 9 
3*. P e yghamb a r i a n^) i^U. < 

^ isJT'j-t i ( 1 9 8 7 *. C u 1 1 e n * ; 1 9 9 2 *. M o r g a n ^3 £ 



(8) 4^*2003-5 1 6737 

(/Taylor) i3<fcCF^^i:|gft^ie (1995^, Watts^:i997#^ 
. N i 1 s s 0 : 1 9 9 7^, B i a n c h i ^) (Clf* LTffi^ ? tJ-«> i ^ 
U, t>m^lHr^^i-> (Am<Dti^i^iil 9 9 2^, Ma Imqv i s tUKfYi 
a r 1 s s 0 n*#M) c n^t)m^iiiZ^^j:^M^'^TS:Kniriiiili {t 
/^A^) ISiTJafe}} ( 1 9 9 2#;. M 0 r g a nl3<i:0'T a y 1 0 r ) fl-od'^? 
^:^^.^#55-^»»'7t LTJipM ^'D*)V) g£i-e-ifei5 ( 1 9 9 5^. Ka 
rlfesonisJ:O^Siahiberg) . ^P|5^-4-^'/^T20fM 
/mm' <o#fe@aa^r^!9«li,Sfl^t'JSe&^tr-: ( 1 9 9 5 Wa t t s ^) o 

t?t: ( 1 9 9 7 K u b i t s c h k 0^) o ftt<??^j£l^-lr>-^f (i 
. Jtf5:a ( 1 9 9 5 * , S t i m p s 0 n ^) , f ( I n t e r f e r o m 
etry) (1997^, Schneide r^) j^Kfrn^mW^it^ ( 1 
999^. MendesisicrSaavedra) k^^-r^K-^X^^y^^ 
to 0 0 Si 

^ ^ fi L T a ^ *i r^^g ffiffl ^ ? ^-^ gBffi L T ft @ cT) t 

M^-r-^S-^l^^ft^^it/*. (f 1 u 0 r 0 p ll 0 r e) t^^^n^-i 

to 0 0 9] 

S^JDi^ (fluorescence quanta um yield) U'K^F 
to 0 1 0] 

9 9 6 ^ . A b e 1 * : 1 9 9 S ^, S a u i 1 1 a n t e ) ^SiSiS^t^ 



(9) 4^*2003-5 1 6737 

loX-iifSf^ii^^itX^/z ( 1 9 9 l^P. Zh 0 u^: 1 9 9 3^^ H e r r 
0 : 1 9 9 6^, P 1 owma n^) ^ ¥J^mmm±'y*^ii^ / t y ±^ 
(19 9 1*, Z li 0 ; 1 9 9 3 ^. H e r r 0 n ^> H^Cf'^^WM^^ 
(1 9 9 6*> PI owma n*) «W^Ui3V^Tffiffl $*iTf 7i:»^ 'fk^tii 

to 0 1 1] 

T-ZM^a. jftWi'M^W^t IX (19 9 1^. Y g u e r a b i d e iii: CFY 
g(?er abide) . i ^ilimyt^ i^i^JtT^it^^t IXitm^iiX^f^^ 

( "CCD" ) rni'S^inmir.mi^Sim^m^c s,m^xim^it 

^iitz^^m^^<7y^-<^^y~y f^izj: J? WlS^*i, (1998#^, Si Izel 

Stiit>ctlS*tT^->* ( 1995 *> Morgan*: 199S*. Stimp 
son*) o 
to 0 1 2] 

t 0 0 1 3 ] 

jioT, ■t^/^yhitm^m<^yt^m^^i:i&i^i. m^. ^^/^^yh^tmm^ 



(10) 1^*2 0 0 3-515737 

to 0 1 4] 

DNA-?-y 7' ( 1 9 9 9*. Vo - D i n ; 1 9 9 9^, Ha c i a : 19 

9 9^, L i p s li u I z*) S^-^c^)-0ijT-ifc^>o iS«iMt;^5t^^ (s e 1 
f-assemlbied monolayer) ^7i:ii: IsjffiO-'-? d^-y^^y^^ 

;Lt£. 1 0 0, 0 0 omii^±t -^~<Dik^mit) mix. wik^t-^^ 

tt-t^-tv^ y h itmiSimTam h n m^v: i^m ^ it*, tf^ t ?& tm t^^^ u 

t 0 0 1 5 ] 

fSffl ^ it^T^&lcji, .'Z^-^-fv ■7'kt.y7.^1^^ (raster scan). 
^ ^ Sfi5l cot^J^i S-igx 7^: * jt ^-r i »c ii H# M 7!>^d2'^-t-<fc 



(11) 1^*2 0 0 3-515737 

to 0 1 6] 

^|i?5:^->?fi.S^g#'lit- X i5 5fe?iJ.^til|?«ii|IS| t ^ J) < 1 9 9 S F o t 
to 0 1 7] 

c ii. ^> y^ft^mimm k s ;i xmst §i s ? h o c <^tJ ft i5 t . 

*i<> (1997^, Jensen*) o 
to 0 1 Si 

^m^iif-i'Mcoi^^n.mit. 5 iS'nT.-^iT (microsphere) 
ffli^ia^f^^t^^fi^jSE&S-^TTlliS-^t* ( 1 9 9 S#^ M i c li e a 1 *) 

n 7. 7 i T « ^® ±(??E.s&i'.t^^-t c c D ^^±%mm 77^ -'-Mt mi u 

to 0 1 9] 

{feKlffil'— (1992 *, McCal 1%; 199 5*, Zliang*: 1 
9 9 7 B a b a ) mv^^7s^i^ N • 7 JUs^ ( 1 9 9 7 R a f i z 
ad e h* : 1 9 9 7^, B 1 om^ ; 1 9 9 8 *, M a d s e n ^3 J: 0« J h a 
0 ; iS-tO^, 1 9 9 L i t t 1 e*) Uisi-'TU, t>±,Tffl^^^'5r 
P?ai|7^<0'-e ^ i? n ^- ^ tfr ^' j!)«<s?S ^ i'l.-!: § ti„ c it % <?>Rfiii;fv ^ n 4 ^ 

^llT^r^,, ft^t^ilitif. 10. 5 ^ m(?>^' Y t:-r -f i:f5^fl-T^->¥S&jni« 
tfe-^ -f ^ D 4 1 r -f a 3 5 n m<^^ S ^.'^ ^ N .'l^fRi^ ( F S R ) t 8 , 0 0 0 



(12) 1^*2 0 0 3-515737 

fi^-^^ ^yv^^T^f-.'!K^ii^M^iifz:^m.^V^mi^i& (FDTD) <^fflf^ 
(1 9 9 6 L i is «t y^L i u : 1 9 9 7 Harness*) ii. MMit 

5i&&5ff^ ( 1 9 9 6^, L i t t 1 emiyC h a) <t l-ja-- 

« ® g|S a^' 32 1 t ? it T i.' ■> 7i o 
[ 0 0 2 0] 

'5:< t ^#^) 1 O' <?>^'* V'f--^ • 77^'?^ (<i« a 1 i t y factor) t 
to 0 2 1] 

^*^tc*5i'^T!iff^f ^3s#ii^R| (morphology-dependan 

t resonances (MDR) ) m (f^&.AEM't ~ K (q u a s i - n 
ormal mode (QNM) ) t LT iS]tbiU-> v ^ > - v '? 

-t U ^ X. & A^t^ U T Y T o^jyI ^ J^l? si gft L m^i~±fi>o S^f* 

tr-f F^^-CEltT* (bounce) i tic it t: -f-r F*3Ui3»1' 

to 0 2 2] 



(13) 1#*2 0 0 3-515737 

l"^tf^^*-f i--t:>-«-. l3i:CF, :^±y■^im>^>i''^Wit^'^t 
§ yt: ab ^> if5> & fflg^U (?? 75: a^> tfllS?, ? ii- o 
[0 0 2 3] 

Ji Ail f ^ * "t > ^ <?>ft#65 * ^M^l ^3 T . it^ls^; 

ttitfeS^t^^ ^ (transmission port) Kjlfif LT^IIl^lftH^T 
to 0 2 4] 

r «|| tii K _h U ^ lu. i . * y r ci^ « ^- ^ ig|fc<?>«Mff 

+ tr r -f 1*1 t itff t . H ffll^: ^-r t; r <^l|ai ^® ±<^ S ^ ^jT 4 -^f 
> y .'U <r>!m.%<r> t IS jgl- * o 

[0 0 2 5] 

^S:l**l!|^^^ii:^Yt:"r.^ S-1i;l;t^jfc7r'<.'«^:t'«/OVi' (bu 1 k) ntSifcS 



(14) 1^*2 0 0 3-515737 

to 0 2 6] 
to 0 2 7] 

1 0' J':il±) Wi?^ r^f . 77 (Q) -k^-^^if^*)T'< ♦ 7T 
it, •*-^ii:f'f<7>3To^))S0r^i^&-^^t:f'-i' J:0'•?•<^Jga<^^^i|s|■ 
f'-i' ' -7 7 if int. W^^ Y trf--^ <?>#SI"!' ^ 7.^t<; y . ') KUi£?F 
to 0 2 si 

1 0 0 2 9] 



(15) 1#*2 0 0 3-515737 

t 0 0 3 0 ] 

t 0 0 3 1 ] 

. JIEU^U, ffi^^^^Rlitit^^tif ^i- S-^tf-'-f :t-t:>^f ^ffl'.U-.;&■^£^a^t 
*o 

i r :i^m w^tlJco#1t *5 J: W^tiJ A W i5-*t^4> ^ o 
[0 0 3 2] 

• 7 T ^ ^j- V r .7^^^ (Q) ^^-fz^, 2y/i7C'7 7.->''^*} y V 

• ^ Yv }f (WGM) l'fiJ^-r-<< ^"ft?iU->o ^t-^ r tf-r ^ WQa-iig 

<oaiS^,t (coupling strength) <r»)$.'J/\,zi^'oX 
[0 0 3 3] 



(16) 1#*2 0 0 3-515737 

[ 0 0 3 4] 

vl *i U jOB ^ , a^fcf Jft ffl ^> * « f ^ -t: HJ-^ftffl SI it* II^U ^ 4 

©[OS WjfeiE i « t: - U T iS Q T i: ^ Sglt o ^ 

JiT^^r^^^S-ltciiigL^ i9:^^^^^5••|^^^^:%3^/i:t5t;<7)5A*g'«^:»:T 
[0 0 3 5] 

3t^^b"f-^ erjiix-^?^' Mv^sj^ (FSR) ti. m^-f iy^^"^- h'm^m 

[0 0 3 6] 



(17) 1#*2 0 0 3-516737 

dial mode), •t?5:*>*>ni9!l^^-^t:V'i' 4'jIiai-<>ij!l't<7>''>*5'->'U 
:*:§?5:Qt*i-^>o ;a^£^)^|i^|i:5Kil*- K<7>ilJ?&t^Rfiii4fe^ r ti f- .n-*lt'l3'^'T 

t 0 0 3 7 ] 

^^B^M'gMlt (FDTD) cov'^^l'-v'a ^-ICJ: 
t 0 0 3 S 1 



(18) 1#*2 0 0 3 - 5 1 5 T 3 7 

^(neutravidin) (O^^f^^n^Bim 1 . 3 3 <^ia5e>Bilf$l'* 

y?rp!)^ - '5' C>7Cf£^tS^.f:K^10 i'v-tx K Mil 5i si ILT . t t'f- 

/ ? y tkiM-ifi V ? ^ b - V 3 y ^ y D 7. J; 11 fFil ^ 11, f# -5, i 

t 0 0 3 9 ] 

ft^&3 ^ ^ -t: > 

ffist# 1 2 . tm^^%^m\p:^mik-w 1 2 i '■^^Ti->-pt^ < i i 1 o«Kii.if 
- f 1 4 . ^3 J: YiAt i%^T &nmm-iWi 1 s '^mm 1 e tii 

[ 0 0 4 0] 

fr 2 6 i it*¥jfl^:P3fS^:^*i!|j'i^^ Y tff i: S-1i(S;tf**o J^MIS 
2 4 fiUlPSiti**, Wi^m YtiT^ 2 6 tf^BK1-^t>t#<^!SSf^i ^BaS-^T.IS 

^^^fl-T^->l^fts'-^i?f^jg(.^ ^t^->o RSi*:4 ^ r 2 6 ^i.-. Mnm 2 5 U i: 



(19) 1#*2 0 0 3-515737 

to 0 4 1] 

®^f'-?x (phospliosilicate glass) i r^a*i?^^t''f 
K-r^li^iS i Oz ) . (S i 0> Ny t < ii 

S i ON) . t?!;i±. W-as.l 2 4 <?>4^.tt<t 5? «t7Ca:^.)g*T^^fl"T'&glj«M^'^ 

2 d B/c m)|y.T) t^-r-oo i^LliJ:!?. PJ^!|*4 ^ tfy" -f 2 6 JJ^S i ONii'- 
to 0 4 2] 

^ ^m^'^j: 'ty-'f m¥\ oott SsM-S it ? iU-> o ^ ooa^ ^ ^ 5? A tl ft K &J 
y-?- ^ - f .'l- (cm' ) ^ >t: !9 5 0 0 X 5 0 0 « i X''D¥\U^^^- + tTr 
t 0 0 4 3 ] 

(RNAl r^JiDNA) 15 J: C/Mat-^tf Ji)^ iil-f^^^K^ 

to 0 4 4 J 



(20) 1^*2 0 0 3-515737 

'AKM 1 ATbmm 1 F ^^mti> t . ^mfi.it^^j^mMi^ 1 2 ^i'p^ti^ 

^yT.i'Jr^g (SOG) ^ ■^yriT^'r^M (SOS) ^ ifzii±y^^7s 
±^-f« (SOC) 'i^c^)) Ife4«i?:±->>j3y (SOT) LTUfftSi 

t 0 0 4 5 ] 

El 1 A ? 11. TtrSp < . 3f Mt^ #l^«5[tMS 2 4 Ji ^iSQW D -i: xtc J; £1S 
2 2 J:(-?gSl?llf#^->o ^ ^ jt a^.^ 2 4 i ITS i Oz :^m'^^ i^ili>t~-^m 

i Oz c*iMt+.'oT. ms2 4<7>s i 0. it. it^%m^ 

to 0 4 6] 

m 1 B t^Ba-r* i , ?| + -r 2 6 trSfiitT* i:>^<D^WS 

4_hlcJi, iiSiPWC VD L < ax b: y:t (SOG) IJft'S: 7" 

[ 0 0 4 7] 

01 Ciz^^iifzX 0 tc, ^t^->'->'^^S:it^>^^Tll|]i2 5 <?>fSSl*S'* 
<07.t h '}V^yy • 7'n^r;^UJ:t5 7* h UiJ^ yi:mm-ri>ZkKi*}WM 

<7;i'r--f ^ JVi L < a 7 ;t h -^".-"/ ttiUm^il-l^ • '} -J^y 7 i (Jy^mif'm 



en) 1^*2003-5 1 5737 

<r) itzbt 1 0 M m.^Si^ 5 0 a« m<??i:ii^)) P3p*:4 t: f 2 6 <r>f^^ 
to 0 4 S] 

2 9 «±iaj»M3*TS-6fei? ^x. m 1 EU^S^Ii/^i: t ^i^lM^^ 7. 3 2 ^'?f^ga 

-t f vx^i' 2 9 Ji:Ji 2 his-'b^i:^ili>^ 
to 0 4 9] 

t 0 0 5 0 ] 

i!- 3 2 <^^mtK niS&m- ^ 'i- 2 6 mm ^ i^*t^)^*c|HI U 

TilK&5T^ifc-&^-:^i^>^^ /n4:7.^ft^T'&^ 7U-;J; ^9 Rii^ft 

r t:' -f -f 2 6 «±:5 h Isfe:^ ? Jt# -o o 
[ 0 0 5 1 ] 

W^f.fz^.m'- VI AUK S«£2 2±U?|^B8i?*l;t:J>'5:< ti-ia«ntiJtft^ 
^ trr .-f 2 6 wSSiisM 7 US^-ri> J: ^ *R|?^3t;^a5.t^^Wj£-f*: 1 2 i 

1 6 K^l^ % it* ^ fz <4 iiiS t^ft-Sc 
[ 0 0 5 2] 

ig 2 A is i C^ig 2 B k^ii. KM*"- N 1 4 !55©fflf)PXnK^:fe4 ^ t:"r 2 6 <^ 



(22) 1^*2 0 0 3-515737 

ecrji <??:g?!j«(:)Sffi*lsu-t: 1 so' <^*sliltfTT3t^'^7.t'^ax*o 

[0 0 5 3] 

.nm-ft+.^oT, [a2Bli*t7::J: teit^- h 14* I'Ty^n 

^ L < ^i^^^«H^i:fe^• Y r 2 6 t^S«^|2Ml€t^.^'fel&T-&S^ff«^)S^ 
14a. 14b, 140^^: t't-mmi>o h 1 4 ' ii. -'-7^ 

[ 0 0 5 4] 

ji^K- h 1 4, 14' ^tiff«fti-*miSfst)4iss[^m<^5sstt, ■^nw^fi^^^i- 
^ 2 ^i^nirm^tm^^f^^hf^mKm^ (in series) i&.T-t^^ 

iKlifeS*"- M 4 , 14* -t^RigiJiiK^-^i^r'i' 2 6 i<0M<??4^trr<f jg^S 

( c 0 u p 1 i n g f r a c t i 0 n ,M4v STJiU^, hi 4, 

14* {Ci:-&#H^JI^:4 Y t'f-.<f 2 6 i::5!+T *?^frji?K- N 1 4 , 14' <7>:^$i 

o 

[ 0 0 5 5] 

El 1 UM'&t, ^Rji^ii-^^tiT'i' 2 6<OtS2 S Ut^- LTjiSsiSit^fiJ 3 3 
5i^^#Si*l., aifi2 8t^3^*1-*-iBl)&l±(7?«J|ffl*«3 4cOH^1L»5i£jgSiit4 

[0 0 5 6] 



".'^ KH. • viJ^ (p H d d 1 e coating)" m^i^^i> 

i^. Sa2 8 U?ttXiS-J*SSt3 4l-|llS<tL#«.o 
[0 0 5 7] 

^ V V y yit^Wt^^^ -e^fe f#-6o 

[0 0 5 8] 

^fi2 8t^jttLT«ffifflSl|3 4 *@«T*/^45t^«ffl^*i-f#'&^-gcO-<?«i 

( b i 0 t i n y 1 a t e d t li i o 1 ) n^^7?^'^t: 

!4SB 2 8 (^fli:^U^J^1-*?gaiiJ!5?;lC^T«>m'£ffl'^^«0lR*t|!Si^ i ^ 

ffifflSt3 4«ffl:^ffli:?^*4>i®^-ri>o 

[0 0 5 9] 

mm^nz A(rM^-iUMTi,WM) h l.X-i±. S/^?^- 
>■ ( p h 0 t 0 p a t t e r n i n g) iiX(J^W^^t>^^^ (comb 



C;4) 1#*2 0 0 3-515737 

inatorial synthesis) i}^^iifhiti>-AK ZithKm^^it 
to 0 6 0] 

<r>^^± ^ ff^j^ ^ ir fz .• ^n. ^' n y -f 2 6 ' <^^^ c^J^Rls^ife^ ^ ti f 

1 2' t'flix-o^ rill's: < t i 1 oc^jftji^'- b 1 4 . + f f- -r 1 2 ' i 

to 0 6 1] 

-'i.'U^niiim^ t"f-'^ 2 6' <7>^^l^(??-0!)i: LTI33 AJA, Jg^'S::H-il4!i--<3 
?g^^it75:o-y 5' i)\ ^mm^.^tr.iu^^u^^^^'i^'r ^ 2 6' t^^IgS: 
-BwJlT-f -f T.^l^^'t^.pt V h 2 5 a' , 2 5 b' , 2 5 c' ^h^^-^fi^it, 

T-ao ^-b^^.^ V h 2 5 a' . 2 5b*. 2 5 c ' ^a&iiua*^ 2 mmt^i^ 
?^*"T-£-.s^ ^'t^-.-b;!^.?* > K 2 5 a' , 2 5 b' , 2 5 c' 'D'^-^iiifz^ 

to 0 6 2] 

f"'f A^'i^-t^';^ >- h 2 5 a' , 2 5 b' , 2 5 c' <^^-«<?>¥iaSB2 8 ' 

-y^Ji-T, ^B52 8' -e^jv ^' njS:|^Jf^ t' .i- 2 6' S-IMt-^o ^©2 8 
t 0 0 6 3 1 



(25) 1#*2 0 0 3-515737 

*E.f&IRJife2 8 a' , 2 8 b' , 2 8 c' ^i: ffiJ^* t-CiifJii^lISSwlitefflS 

t 0 0 6 4 ] 

-'^'■'f :i -fey* 1 0 is i^O^-'^M^ -!:>■■«- 1 0' tilM^t^l^. -^^ORK^T?^' ^ f 
<fc I^jS ? it/: P E N T I \Jl&^ n /tf-fe ^i-'<7» /n-t-;'Hf 

h^t\'%mmv.ii'k^}^tzccDwm^^kh^f'^<•^^:y^\(i (01) t^^i'^^ 

Tti, Ifi^Uw^nml^t* YfeTf--^ 2 6ti. •t>"*^4 0<^CCDie?ywf*l«rJ>'5:< 

^ f'^i^^-tV^l a' (133) Ui3l'^Ts Sffi2 8<??§S.(&|gi*2 S a' , 2S 
b * , 2 8c* =5: t-!i::J>?5: < t i 1 oor)5!+E&t: ^ -t 4 2 Si ^i>o 

-tv-H- 1 0»#fe(Opqjii|7t-^ + t:r 'i- 2 6(??K@n2 Sso--^-, ^fcii, 4 -^y 
1 0 ' <??kS 2 S ' ±W#^«R[&|HI* 2 S a • : 2 S b ' . 2 S c ' ^J^- t^rf- 

hWWiWM-^ hn.i-z t^. rn^y^Boti.-ty-^4o <?>-■ i@tji_h(?>j^is 
, 2 8 b' , 2 8 c' ^t'ti^L-THSS^t^tL/ijiiS^SMS 4<?>.fISSK:Ml.T 

fA^\n<r>^^^<^m. ^fzn. nm^m 4 t'^yym<nnm^ik^t<on 

<0/-N -f r >J h^'Jf^M^ (hybridization kinetics) U 
rai-*f'-^*!tl5KtTtiitJ-t*o RfSit*t^-^trr>f 2 6. 2 6' if-h^'^h^ 
i>m^mM'tik&ti->fz>f^K.>U ^^^y'^ 10, 10' i:*(ciJ<7>^r^ffl<7).as^ 

t 0 0 6 5 1 



1^*2 0 0 3-515737 



[ 0 0 6 6] 

i^mii.^^- \'^T-4 2 6'- <i. flfrM#iit<^ii'ftRU#j^^*if#& tfttc. ri.^'fc 
to 0 6 71 

8, 28' , 28" ;fi-^ffi-Mffl^^3 4t?iarLT^-^[^-^r^ii^^*ttHS<?> 

tt*sffl*w^'^fi2 28' . 2B" izmui-^^t'v-. nmm^ii^y^^^ 

to 0 6 S] 

*i w^S ill i->^^' Y T >f <7>!g*(??aS[U , ^•||^<^feT^ W i? A *J.3t M 

Hj- y u -s^w ± * L s * > r jv -a^jin 

to 0 6 9] 



(27) 1#*2 0 0 3-515737 

^^.ii "Qi&T (Q- spoiling)" it^ 'r ^ -f ^! {f)^tli<r> 

to 0 7 01 

a 5 (i-fg;M'^^ SI it* J: 9 U ( ;^: t X ^ tfr 2 6 =5: ^4 ^ 

(affinity concentration) i imSi^tt «3ftl4<>o 
to 0 7 1] 

to 0 7 2J 



CJS) 4^*2003-5 1 6737 

[0 0 7 3] 

^;^^<^«:'^S'^Ji AlL/^^W >"if tcJsv^Tftffl ^iam^. :iiti^^^< 

to 0 7 4 ] 

m^fet^SatStiiT&^S ^> <> i It *c fi . tt.^i*S-^ti3 i 1- < fi^S >i:*i>*^ , 

[0 0 7 5] 



at*v iSiifeJiJS^fc*-? ^ ^P^UJ: i91t-:^U|gf*?*i-f#-&o mfH^^^ (wa s li 
less assay) $^l$k<D^ >) -^^^ V-^^ Yii''^<r>~%^>^% 

S(two-photon cross-section) ^ff-S 7t:J0 t-^fl-^o 
§ 3t ? ^ s ^.f^ ? T « =: fSS. E L T ^ ^ t ^ ^ U it |2 ^ -g, t «^ 

iS)2 0 0 mW4'C<?>>' >'/A"t- K • -'fV-^rflx.Tt: 9 8 0 n m <?> 1- - • ^''f 
[ 0 0 7 6] 

- ^ Els^SlP fl^ ^ '^^ 1^ * -a- 1:: . M ^ ^ i) T -& i6 U ffl ^ ^ 

10 0 7 7] 

to 0 7 Si 



(30) 4^*2003-5 1 6737 

i^. -fA/T-y-b^' (TA) i tT, t7t:a. ^^fe>|gf-f^Si (MDx) t i,^.^ 
to 0 7 9] 

to 0 S 0] 

^ Y :i -b > * « M fii a^f ^ 7^: 11 <7> ^ i.. •> !i ,S fl^llij IE ? Jl o i <?>M ^ 65 =i WJ* &5 

<^ Q * t (R^ t T i'^ <> o »r z5--« Jt'*- + 1'-;^ 'f F*l ^3 »t i ^^<r>mi(HU^ 3 
. 4 fc:'::3«i/ (p s) (3. 4X 1 0"'* m -^^htK ZiUi. %^t. 

Y tf r « U it L T±ia^t*tffl S t U J; I? @ ? ii ^^±<om^ ^ 

) ' -Cife*}. CW^-a^U^ t ti"r «4='L,-^MMIlti:2 d< "Cafe'?, 2dc 



(31) 1#*2003-5 16737 

to 0 8 1] 

. m.'ss\^\m^u^'t-i>-^ f !i 0 . 2 5 u# t < , d im'^^^mw^'o^ ^ a 

^W^<r>n^\XV / (2d) * k^i.^^'^hili>ii<7yh•ti,^ 
[0 0 S 2] 

« X V riss)^-^ i itit L T.^n 0 0 0 / d = (Tii^^'D^^Mm'^^M t , 

1 0 0 0/dc «Jiaigfi.t41-^-f -Oo 
[0 0 8 3] 

t? A 7^^ *l|S5t # Y Si' T <?>IS5>J«5*IJ ffl ? *U-. i i ^'T^I!» t T ^> o i 

S S t ^^<??Si}:ltSEI I K SiJfE Si it* !i5,S 4' #i[ L T ^> * 

I- -fS 4 4 #-t^S!] Wtfes ,g lie T W ffl -^-ifc 5? # ■£> o 
to 0 S 4] 

fflft^^^ti^U J: «5 ."f ?^ - ^ >- ^ ^ i . -'^ iV^' Rii4^-*- r t; T <r <i 

t 0 0 8 5 ] 

to 0 S 6] 
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urnal of Lithtwave TechnologysSS15#s9 
98-lOOS (1997 ^f) Kmi>B. E. L i t t 1 S T. C li u 
, H. A, Hatisfe-ty^J. -P. L am ecT) "^7^ ^^c; >^^itig^-?-^;?s 

)l^T'7 •'f JV? (M 1 c r 0 r i n g resonator channel 
dropping filters)" {l':XTTti. L i t t i e " ) o^Effi 
i-fflv-'-gi t . ■^'ft&s^^- A' f- i^SspJi l/r=+l/r. + l/ rd +1/ 

<!: fstS*' - h t S-jI * ^-ftSti .'^ 7 - Si x ^ it o 

P^i^ = ^P^^ i^^.=(l-2r/02p^, (1) 

V g « c / n 

^tTr.^ J -^5 ft & Aft 7- r-ife&o = l/r- + 

-y^-\t%^ 1 1:" r -^f c^) Q M L T:^.(^i«t: ? ii?^^> <, 
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' cavity 2 

fe*t<>»ife-eab<>'5r^3«X, Qocri ;J^',-3Q' «: n ' ?'ife<>c. ^t^^P^^ff^ETt- 



tlv.g = l-e"'' = «i (4) 



(34) 1#*2 0 0 3-515737 

Y tf T «W53!!:E't-i,^>S ? L = Q A imi^m-t y^i)^^-t& t ^ 
[ 0 0 8 7] 

usffl ii mix, 

[0 0 8 8] 

^K^^-^, |fj 1 mm-;*t3 1 0 mm^JKIi^'^l-* -'^JV^' Rm^t^ t kTi^ ^ <^ 

Rffl:!^^ ^ t'r Ji 7. y ■irmmm^mi-n^^m i o o ^t^js^ss^^w t , 

10 0 8 9] 

T i |SltI<7>^^iR7&^S T !i S o IR^jjDXP! ^ife^ 1 11 f 7!>i|f3 1 0 ' Of) Q t 



(35) 1#*20i:)3-5 1 5737 

it, mtii?it#-&o 
to 0 9 0] 

^ ^5 V ^ T SO -r-i) M ¥ &5 ft ^ ti: feJLT t-: ^3 ^ T Vpm KiE & it * 

to 0 9 1] 
1 

jtqfcfl'j'^'? -1* p ■^^ ^ H'r '{ 
to 0 9 2] 

-^o t:r «F S R. Q *3 i: Ci^-*- Kgjtl^ f^^T-£-> ^ < (?>|g|t''^'7 ^ - ?^ 
t 0 0 9 3 J 

to 0 9 4] 



(36) 1^*2003-5 1 6737 

[0 0 9 5] 

^MH 2 

CE) l-^'^>TA^(??DNAB^-^J#iiiE^ iif^S-® ( s i n g 1 e - fe t r a n 

«^ it t s^wisifi t ft /ill- i <^-«?ife o T . i^m^!i^i^m^i>&^^ 

to 0 9 6] 

*o T3g£?!jj3J:CFffi^S5>5:T>'-?--T3l5?!jli^*t*=J-'; ■=t%^ V^^Y' - 7" 
to 0 9 71 

-3t^«KE't^5n^^t4'S^^TlS3lI (interrogate) ?itfft*o T 3 ^3 



(37) #^2 0 !> 3 - 5 1 5 T 3 7 

^^ii^o "^r^'^^fiJff^fl* (s e n s 0 r gain factor)" ili; 
to 0 9 S] 

^ J!£tK ^ 6^) ^ ii m - S¥ itft 1' ^ ^ T fi^ ^ -a C i r>- 6 . C 6 
to 0 9 91 

to 1 0 0] 

— Itti (inhomogeneous line width) a^i^i|ii-ft; ^ «> 
to 1 0 1] 

li. m2 0 nm<D7.^-f N^tiUJ: !5 5 7 5 nmli»:tiil^-^l'^-r-&o ti:i|il"t 
Rf-^?{i,^5 4 6 nm ( LTs 5 3 2 n mJ^T-SILN d : Y A 
Gi— *tiJ:f)^^&5t^^yfflSiitff^) t^^fe'l^L, ^<^^^.. -fi^m^iFSR 

4 2 nmUi: !;) 5 7 5 nmi5i:0^5 3 2 n m UT5^f# ft^) ^: ^U^T(^)^^fc;i 



(38) #*20!>3-5 15737 

to 1 0 2] 

4= -I' trr -f <r>mit'fm^j:^^<r>m^.ii O . O O l mm* JsllTfl,^ C i ri'-h 
[0103] 

figure) OO;^ 'J ^ (Tt^.^^. i^J|2«|fei:R^^^ft^J|2$t g-^it^ 
. ^-fjf- KtJ:Ji*iJfflTirig'5:tf-:?itI|St^1-i.o m^^-^iiS7 0 nmU 
to 1 0 4] 

) fj:1&.''f X«3t^ffit|_h-->if^ft^lU->o K*-fitl<^!®^t^. 1 (unity 



(39) 1#*2 0 0 3-515737 

^feSe^J^. I^^Ste'S'-s'f •/lfi^^Sl•SI^'^T:a^^■i.^>iJ^flli:Jtl^^^^«c 
[0105] 

S & ^ T © f^Siai^ ^) ffi ^ i 4 ^ la if ^ ^ ^ o - <^ 

to 1 0 5] 

^, jisfflj 5 

1 c m' m^(0^^±K (IOm m&B<r>^ y tTr -f (5 ) 5 0 0 X5 0 0 

r 0 g e n e 0 s) -'^ ^ - > - ^^^^fiS^-fbl--^ i ^U. 1* S it*>tlii.i- 'J 
^i!'-t * Ti: a?) i:: ft S *i -£> o 

to 1 0 7] 
to 1 0 S] 

^efJl^Ji, fia-'-^^- ^->';5^tfS>*o Ziih<D^^. 1-*+.>*>HIV- 1 



(40) 1#*2 0 0 3-515737 

to 1 0 9] 

/N- ~ y > ^ ^ .1 IL ^ (7) 2 'J « • ^ t: r 'i- a S c^) S.f!l ^- « 1" i ^ 
to 1 10] 

Jiff, ^teS-Si^-y h v-^'tiHsgft o 
to 1 1 1] 

to 1 1 2] 

^. j^glj 6 

» W ii^Tt-^ ii T o:) p^l^ 

Tfi (f^ix.iJ--^2^fe7T-'f Sft^"- NmM^^^ li. 



(41) 1#*2 0 0 3-515737 

[0113] 

©l^lfeft^J^iSft'&^^fe*- K ( a 2 i m u t h a 1 mode) S R 

1 3 G H 2 ^ife^->-:^. 10* «QU^tT^tR|^,[tj|ti ^ 0 OMH 2T-ife-& 

V f<7>iiiiStv!i*^ti^fi«i'5:js!3^3US^L?5:}titiir?5:f:>!5:iv><7>-C. m^m 

[0 114] 

» b'f- -f J: -f A y T y -b-f 

i 0 15 7: v.? i^nirM^&^'^^i',^ ^ )itii^i:mitzmm& 

[0115] 

-hl£W^*^ d-'S' c 0 1 i 0 1 5 7 ; H7.Wi, n i'S^ti^-^^i l- 



(42) 1^*2 0 0 3-515737 

to 1 1 61 

±l£«Sffll&MiM'r^'ftt<0/W/V y y^^im^. E. c o 1 i 0 15 
^#*Si.iT't^l&'feH7ti**A^lt&c C y 5fi. 6 4 9 nmi^mU^- t:^ 

i^) K *° ^ ^ - ( P C K ) 1' 5t^> t '^^ t t^^lgf-f^S ?j t T . 

^ « fslj jfe 7 - it <?iJ 1- * o 
to 1 1 71 

to 1 IS] 

U jt^^ r ti" f- ^ ffl i . ^t-Y :^ 7* U IZCgKl- @S?y 

to 1 1 91 

to 1 2 0] 



tig 1 ] m-mijux^ii^-znm^^^mf^yt^- 1 1: -f < i-^^tf ^i^^w^i-y .i- -b 
tia 1 c] El 1 i^^^iiti^m^it^^^T'( i:mmuaj:ti-.i5mtr$k'&&3 

tE 1 D] El 1 iz^^iifz^i<$^^^ 'r\^t'{ ^•1Sc»X-r-&^-(feS'|tll^ 
tig 1 E] li 1 i^^^ iirz^m^yt^ '{ l-fSt»XT'£->^'g^lS^&5 

t la 2 B ] *R| Y tfr « iS^IJ 1*1 U-g- ^ it tJ: 0 1 (D^^^miOt^ ^ 

^ ife 1^ il t> IS B& « * T H o 



(44) 1#«2 0 0 3-515737 
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